Introduction
Acute upper respiratory tract infections (URTIs) are typically caused by viruses and are, therefore, not treatable with antibiotic agents. However, many patients still request, and are often prescribed, antibiotics for the treatment of URTIs. 1, 2 Frequent and inappropriate use of antibiotics is associated with serious consequences such as the increase in cases of Clostridium difficile infection, 3 and is driving the widespread and increasing problem of antibiotic resistance. 4 Thus it is important to educate patients and health care providers (HCPs) about more prudent use of antibiotics and to encourage alternative treatment strategies and prescribing habits to reduce antibiotic use. 4, 5 A wait-and-see approach, also known as a delayed approach to antibiotic prescribing, requires HCPs to instruct patients to return for a prescription if their condition persists or worsens, or to issue a prescription and request that patients refrain from using it unless symptoms persist or worsen. Previously, this approach was shown to be as well tolerated and as effective as antibiotics for the treatment of most childhood ear infections. 6 A combined over-the-counter (OTC) expectorant and decongestant containing 1200 mg guaifenesin and 120 mg pseudoephedrine hydrochloride in an extended-release (ER) bilayer tablet formulation (Reckitt Benckiser LLC, Parsippany, New Jersey) has been approved by the US Food and Drug Administration 7 for the treatment of chest congestion associated with nasal and sinus congestion. Both of the active ingredients have been shown to reduce URTI symptoms in clinical studies. [7] [8] [9] [10] [11] [12] [13] [14] Guaifenesin's primary indication is the treatment of chest congestion associated with the common cold, but this drug has also been shown to improve symptoms of bothersome mucus and inhibit cough reflex sensitivity, 8 reduce cough frequency and intensity 10 of nighttime and daytime cough, 11 and relieve nasal congestion.
Pseudoephedrine has demonstrated efficacy against nasal congestion, as assessed by both subjective and objective measures 14 ; it also temporarily relieves sinus congestion and pressure. ER guaifenesin/pseudoephedrine or placebo, in combination with antibiotic therapy, has been investigated in a previous study involving 601 patients with acute URTIs. The ER guaifenesin/ pseudoephedrine product was found to improve respiratory symptoms and shorten time to relief compared with placebo. 15 However, a major challenge in conducting clinical trials of mucoactive treatments in patients with URTIs is the lack of validated clinical models to assess improvements in symptoms. The likely reason for this is the heterogeneous nature of URTIs, where daily changes in symptoms occur due to natural resolution of the infection. 16 This makes any assessments of clinical efficacy for mucoactive drugs challenging 17 and subjective patientreported outcome measures typically lack the precision to differentiate minimally important treatment differences from these natural changes. Attempts to differentiate between active drugs and placebo and define minimally important treatment differences in efficacy studies in patients with URTIs have been unsuccessful. 18 Also, studies involving objective measures to assess the treatment effect of mucoactive products have been problematic and resulted in inconsistent outcomes. 19, 20 Thus, at present, clinical efficacy of an expectorant in patients with URTIs needs to be based on subjective symptom assessments by the patient. The aim of the randomized, double-blind, placebo-controlled, parallel-group, multicenter study reported here was to determine whether ER guaifenesin/pseudoephedrine, combined with a wait and see strategy, could offer sufficient symptomatic improvement to give patients with URTIs a treatment alternative and thus reduce the use of, and patient desire for, antibiotics. Further, this study assessed the safety and efficacy of ER guaifenesin/pseudoephedrine compared with placebo in providing first-line symptom relief for acute URTIs.
Patients and Methods
This was a randomized, double-blind, placebo-controlled, parallel-group, multicenter study of ER guaifenesin/pseudoephedrine for the symptomatic treatment of patients with URTIs who sought treatment at a doctor's office. The first patient was enrolled on October 19, 2009 , and the last patient completed on April 2, 2010. Approval for the study was obtained (Chesapeake Research Review, Inc, Columbia, Maryland) and written informed consent was obtained from all patients. This study was conducted according to the Declaration of Helsinki (Recommendations Guiding Physicians in Biomedical Research Involving Human Patients), and complied with the International Conference on Harmonisation Harmonized Tripartite Guidelines for Good Clinical Practice 1996 (Directive 91/507/EEC), and the US Code of Federal Regulations. The study was registered with ClinicalTrials.gov (NCT01202279). The data management of the study was the responsibility of TKL Research, Inc (Rochelle Park, New Jersey). The statistical analysis was conducted by Paragon Biomedical, Inc (Irvine, California). All investigation staff were blinded.
Patient selection
Forty-nine sites in the United States agreed to participate in this study and participants were enrolled at a total of 45 study sites. Adult patients (aged 18-75 years) were eligible to be considered to participate if they presented at a study health care clinic with symptoms indicative of an acute respiratory tract infection (eg, common cold, acute bronchitis, and acute sinusitis). Only patients actively seeking treatment were enrolled; no advertising was carried out to recruit participants. Eligible patients ( Table I) with onset of symptoms within the past 5 days were enrolled if they had a total respiratory symptom score Z 12 (based on a 0-5 severity rating of 7 respiratory symptoms), with at least 2 out of 3 symptoms; that is, chest congestion, nasal congestion, or thickened mucus, having a score Z 3. Participants were required to meet the physician's normal criteria for identifying patients who should receive antibiotic therapy but who were considered suitable for a wait-and-see approach (withholding antibiotics for Z48 hours). Exclusion criteria included recurring respiratory symptoms due to chronic allergic rhinitis, sinusitis, or bronchitis; significant comorbidities; receiving treatment with intranasal medications, systemic antihistamine, or bronchodilators; receiving treatment with a monoamine oxidase inhibitor within 2 weeks of enrollment, or sleeping pills, sedatives, tranquilizers, muscle relaxants, or antidepressants within 7 days (except long-term medication that had been administered at a stable dose for Z 3 months), or systemic corticosteroids or antibiotics within 6 weeks; febrile illness 4 381C within 7 days of enrollment; onset of symptoms of URTIs within 2 weeks of receiving a seasonal influenza or 2009 H1N1 vaccination; pregnancy or lactating; and participation in another clinical investigation within 4 weeks of enrollment. The use of nonsteroidal anti-inflammatory drugs or other medications to treat URTIs was prohibited during the study, with the exception of low-dose aspirin (81 mg) or acetaminophen (2 Â 325 mg) every 4 to 6 hours.
Randomization to treatment
The random allocation sequence was generated by the study statistician. At baseline visit each patient was assigned a randomization number and the randomization schedule was blocked in groups of 4 to ensure approximately equal assignment to each treatment group at each site. Each site was given a group of randomized patient packs to assign to patients sequentially by the principal investigator as they were enrolled into the study. Patients received either 1200 mg guaifenesin/120 mg pseudoephedrine ER bilayer tablets or matching placebo tablets. They were instructed to take 1 tablet every morning and evening with a full glass of water for 7 consecutive days, in accordance with product labeling. The first dose of study medication was taken in the clinic and the remainder were taken at home.
At baseline and twice daily, patients recorded symptom ratings via an interactive voice response system (IVRS); the severity of each of 7 symptoms (chest congestion, thickened mucus, nasal congestion, runny nose, sinus headache, sinus pressure, and postnasal drip) as they had experienced them over the previous 12 hours was scored on a scale of 0 to 5 (0 ¼ none, 1 ¼ very mild, 2 ¼ mild or slight, 3 ¼ moderate, 4 ¼ severe, or 5 ¼ as bad as it could be). The IVRS data were retrieved by MERGE eClinical (Chicago, Illinois) (known as etrials Worldwide at the time of the study). MERGE eClinical transferred the data to TKL Research, Inc. (Fair Lawn, NJ).
After unblinding, the data were analyzed by Paragon Biomedical, Inc. (Morrisville, NC).
Patients were examined by their HCP on Day 4 and Day 8 (end of study). At Day 8 or end of treatment study visit, patients were asked to respond, on a scale of 0 to 5, to the following question: Was the study medication effective? (0 ¼ not effective at all, 1 ¼ somewhat effective, 2 ¼ moderately effective, 3 ¼ very effective, and 4 ¼ extremely effective). In addition, investigators recorded their end of study assessment of treatment by scoring their answer to the following questions: "Based on the observed treatment outcomes for this patient, would you recommend the study medication for future use before prescribing an antibiotic for the treatment of symptoms associated with an acute upper respiratory infection in this type of patient (Yes or No)?" and, "How satisfied are you with the use of study medication as a first-line treatment before giving antibiotic therapy" (1 ¼ very dissatisfied, 2 ¼ dissatisfied, 3 ¼ neither satisfied nor dissatisfied, 4 ¼ satisfied, and 5 ¼ very satisfied).
Patient quality of life (QoL) during the study was recorded using the Wisconsin Upper Respiratory Symptom Survey questionnaire (WURSS-21), which includes 1 global severity item (How sick do you feel today?), 10 symptom-based items, 9 functional items, and 1 global change item (Compared to yesterday, I feel…). 17, 21 This validated QoL tool was completed at baseline (before treatment) and at HCP visits on Day 4 and Day 8 (or end of study). Adverse events (AEs) were recorded at each visit (either volunteered by the patient, discovered by investigator questioning, or detected through other means) and were defined as any untoward medical occurrence. AEs were coded using MedDRA terminology (MedDRA MSSO, McLean, VA, USA) and rated as mild, moderate, or severe. They were considered treatment emergent if the date of onset was Day 1 (baseline) or later. The investigator classified AEs as not related, remotely, possibly, probably, or definitely related to study medication.
The primary efficacy end point was the proportion of patients experiencing overall relief on the evening of Day 4, based on the IVRS daily diary data, defined as having scored no symptoms worse than 2 ¼ mild or slight.
Secondary efficacy end points included time from baseline to treatment failure, defined as the time when a patient requested and received an antibiotic or was prescribed an antibiotic based on the investigator's assessment of symptoms; proportion of patients not requiring an antibiotic; time from baseline to initial overall relief, defined as the first diary time point at which no symptom was scored worse than 2 ¼ mild or slight (ie, no symptoms with a severity rating score of 3 ¼ moderate or more based on a scale range of 0 ¼ none to 5 ¼ as bad as it can be); time from baseline to sustained overall relief, defined as overall relief maintained for at least 24 hours (at least 2 consecutive diary times) and continuing to the final diary time point; total symptom score at each time point; individual symptom scores at each time point; patient's overall rating of the efficacy of treatment in relieving symptoms associated with the infection; investigator's end of study assessment of treatment; and WURSS-21 total score (QoL).
Sample size calculation
A sample size of 500 patients per group, allowing for a 6% dropout rate, was calculated to provide 90% power to show a statistically significant difference in the primary efficacy end point, using a continuity-corrected χ 2 test with an α ¼ 0.05 2-sided significance level. This calculation was based on the results of a previous study, with a different design, of ER guaifenesin/pseudoephedrine compared with placebo in 605 patients.
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Statistical analysis
All efficacy variables were determined using the modified intent-to-treat (mITT) population defined as all randomized patients who received at least 1 dose of study medication with 1 or more postbaseline efficacy measures. The last observation carried forward approach was used for patients who discontinued or those without final visits. The per protocol (PP) population consisted of the mITT population without any major protocol violations. The safety population was defined as all patients who received the study medication (excluding patients who returned all medication unused).
Statistical analyses were performed using SAS statistical software (version 8.2; SAS Institute Inc, Cary, North Carolina) and tested at the 2-sided 5% level. The difference between treatment groups in the primary efficacy end point was analyzed using the Cochran-Mantel-Haenszel test, adjusting for region. In addition, a logistic regression model with treatment, region, baseline total symptom score, antibiotic use (before, or at, Day 4 evening), and treatment by antibiotic use interaction terms was evaluated. Ordinal and binary efficacy secondary end points were compared between treatment groups using a logistic regression model with treatment, region, baseline symptom score, antibiotic use, treatment by antibiotic use, and treatment by time point interaction terms in the model. The changes in individual and total symptom scores from baseline to each postbaseline time point were compared between the 2 treatment groups using a repeated measures ANCOVA model with treatment, region, baseline total symptom score, antibiotic use, treatment by antibiotic use, and treatment by time point interaction terms in the model.
The statistical analyses were compliant with relevant guidance documents such as the International Conference on Harmonisation's guidelines on statistical principles for clinical trials. However, a noteworthy caveat is that no multiplicity adjustments were applied, so any statistically significant findings should be interpreted with appropriate caution.
Results

Patient population
A total of 1189 patients were randomized: 596 to guaifenesin/ pseudoephedrine, and 593 to placebo (Figure 1) . The mITT and PP population consisted of 591 and 510 patients, respectively, who received guaifenesin/pseudoephedrine, and 588 and 523 patients, respectively, who received placebo. In the mITT population, 556 patients completed the study in the guaifenesin/pseudoephedrine group and 564 in the placebo group. Results are reported for the mITT data set, unless otherwise specified.
Treatment groups were balanced with respect to patient baseline characteristics (Table I) . Compliance to study medication was good in both treatment groups; the mean number of doses taken was 13.6 and 13.9 in the guaifenesin/pseudoephedrine and placebo groups, respectively (from a total of 14 possible doses).
Reduction of symptoms
Overall, a statistically significant reduction in total symptom score was seen with guaifenesin/pseudoephedrine over placebo (P ¼ 0.006); this was observed from Day 1 (P ¼ 0.039), with the largest difference seen on the morning of Day 2 (P o 0.001), and remained throughout the course of the study (13 of 14 scoring occasions) until Day 8 (P ¼ 0.045), with the exception of the evening assessment on Day 4 (P ¼ 0.100) (Figure 2) . The number of patients experiencing overall relief at the evening of Day 4 (primary end point) was 197 (33.3%) in the guaifenesin/pseudoephedrine group and 187 (31.8%) in the placebo group, which was not statistically significantly different (odds ratio, 0.9; 95% CI, 0.6-1.2; P ¼ 0.441). Statistically significant differences in mean change from baseline in individual symptom scores were observed with guaifenesin/pseudoephedrine over placebo for thickened mucus, nasal congestion, runny nose, sinus headache, sinus pressure, and postnasal drip (all P values o 0.05) but not for chest congestion (Table II) . There was a statistically significant improvement in time from baseline to initial overall relief with guaifenesin/pseudoephedrine over placebo (P ¼ 0.005), and time from baseline to sustained overall relief (at least 2 consecutive diary entries) also favored guaifenesin/pseudoephedrine (P ¼ 0.072 [P ¼ 0.029 for the PP population]).
Antibiotic use reduction
The use of a wait-and see-approach in this study resulted in approximately 80% of patients, regardless of treatment group, not receiving antibiotics; that is, 80.9% and 77.0% in the guaifenesin/ pseudoephedrine and placebo groups, respectively. This difference did not reach statistical significance in the mITT population (P ¼ 0.116); however, in the PP population, a statistically significant difference was observed (82.5% vs 76.9% for guaifenesin/pseudoephedrine and placebo groups, respectively; P ¼ 0.025). There was no indication that patients experienced any adverse effects due to the withholding of antibiotics using this wait-and-see approach.
Overall, there was no statistically significant difference between treatment groups in the time to prescription of antibiotics ( (Figure 3) .
Assessment of study treatment
At the Day 4 assessment, significantly more patients receiving guaifenesin/pseudoephedrine, compared with placebo, believed their study medication alleviated their symptoms sufficiently (P ¼ 0.048). In response to the question, Was the study medication effective?, there was a statistically significant difference overall in favor of guaifenesin/pseudoephedrine compared with placebo at Day 8 (P ¼ 0.025) (Figure 4) . No difference was observed in the physicians' assessment of their patients' treatment.
Influence of treatment on QoL
Treatment with guaifenesin/pseudoephedrine was associated with an early improvement in QoL compared with placebo, as represented by a statistically significant improvement in the mean change from baseline to Day 4 in WURSS-21 scores for the total overall score (P ¼ 0.024) as well as both subscales; that is the Total Symptom and Total Functional Scores (Table III) . Differences in change from baseline in individual WURSS-21 scores significantly favored guaifenesin/pseudoephedrine for 9 symptoms (runny nose, sneezing, scratchy throat, hoarseness, head congestion, think clearly, breathe easily, walk/climb stairs/exercise, and interaction with others; all P values o 0.05).
On Day 8, differences between guaifenesin/pseudoephedrine and placebo in mean change from baseline in individual WURSS-21 scores were significantly in favor of guaifenesin/pseudoephedrine for 4 symptoms (runny nose, sneezing, think clearly, and interaction with others; all P values o 0.05). However, no overall statistically significant improvement in QoL was observed between treatments at Day 8.
Safety
During the course of this study there were a total of 70 and 32 treatment-related AEs in the guaifenesin/pseudoephedrine and placebo groups, respectively (safety population: guaifenesin/pseudoephedrine n ¼ 593 and placebo n ¼ 591). In the guaifenesin/ pseudoephedrine treatment group, 9.8% of patients experienced a treatment-related AE compared with 4.7% of patients in the placebo group (no serious AEs were reported during the study).
In the guaifenesin/pseudoephedrine group, 8 patients (1.3%) discontinued the study due to an AE compared with 5 patients (0.8%) in the placebo group. The most commonly experienced AEs were insomnia (n ¼ 17) in the guaifenesin/pseudoephedrine group and headache (n ¼ 14) in the placebo group.
There was a statistically significant higher incidence of gastrointestinal distress in patients who received placebo and an antibiotic compared with patients receiving only guaifenesin/ pseudoephedrine ( n Difference between treatment groups in change from baseline was based on ANCOVA with treatment and region effects, baseline symptom score, time point, antibiotic use, and treatment by antibiotic and treatment by time point terms in the model. 
Discussion
In this study, ER guaifenesin/pseudoephedrine was associated with a statistically significant improvement in URTI symptoms compared with placebo, demonstrating a reduction in total symptom score in 13 of 14 diary assessments (mITT P values ranging between 0.045 and o 0.001 (see Figure 2) . This difference from placebo was apparent throughout the study, except for the evening score on Day 4 (P ¼ 0.1). The reason for this discrepancy is unknown, but this isolated outcome was not expected, considering that the symptom score P values are significant for the combination drug versus placebo at both the bracketing time points on Day 4 morning (P ¼ 0.027) and Day 5 morning (P ¼ 0.02). The single, statistically nonsignificant assessment result on Day 4 evening seems to be inconsistent with the other 13 assessments throughout the study and also stands in contrast with the total overall WURSS-21 score, which includes a symptom subscore and showed statistical significance favoring the combination product over placebo at the same Day 4 evening measurement.
Placebo effects in studies of mucoactive drugs in URTI patients have been documented. 22, 23 Such a phenomenon could also have influenced the questionable outcome on Day 4 in this study. The main hypothesis to explain this single point deviation in the study results is that there may have been some sort of white coat or Hawthorne effect 24 caused by the office visit on Day 4 before patients completed their afternoon/evening assessment. The hypothesis implies that the clinic experience and heightened awareness of being studied on that day may have made patients unsure about what to enter into the IVRS for their self-assessment, contrary to how they had done the scoring at the other time points before the afternoon of Day 4 and for the remainder of the study on the morning of Day 5 and onward. In some way, the examinations and interviews at the clinics seem to have influenced patient perceptions, leading to the elimination of the differentiation between the active treatment and placebo at the afternoon/ evening assessment on Day 4 compared with the earlier time points in the study. The primary end point for this study was not chosen because Day 4 evening is a particularly significant time point for assessing treatment efficacy in a study of this nature. Rather, it was an arbitrary selection based on a prior, differently designed study, 15 which also served to determine the sample size. In retrospect, earlier assessment time points might arguably be more relevant, because rapid symptom reduction is a priority for most URTI patients, and the ER drug combination tested in this study achieved a significant reduction in symptom score versus placebo starting on Day 1 and at all time points preceding the Day 4 evening assessment.
The treatment effect reported in this study may raise a question as to what constitutes a clinically meaningful difference between placebo and active treatment. For example, 1 study publication reported that patients with the common cold would accept a small treatment benefit in symptom relief (10% or less), 18 and in a review of the effectiveness of nasal decongestants, 25 the decrease in subjective symptoms compared with placebo was small but statistically significant at 6%. The difficulty in demonstrating sizeable treatment effects in placebo-controlled URTI studies can, to a large extent, be attributed to the rapidly changing URTI condition and naturally improving symptoms. The other key factor contributing to this difficulty is the absence of relevant objective or validated, subjective clinical methods to capture the gradual changes in symptomatology while the underlying (viral) infection is resolving. 16 Therefore, the usually small improvements recorded with active OTC cough and cold treatments compared with placebo in URTI treatment studies may, in contrast, be perceived as being more meaningful by consumers self-treating with such products, because the clinical methods used in the studies do not capture the real-life consumer self-treatment experience with OTC cough and cold products. The second objective of this study was to examine the effectiveness of a wait-and-see approach in reducing antibiotic prescribing in patients with acute symptoms of a URTI if they are instead offered a treatment for rapid symptom relief. The results of this study encourage the use of such a strategy in that $ 80% of patients did not receive, or ask for, an antibiotic, regardless of treatment group. Compared with placebo, fewer patients in the active treatment group (ER guaifenesin/pseudoephedrine) were prescribed an antibiotic than in the mITT and PP populations and statistically significantly fewer patients receiving ER guaifenesin/ pseudoephedrine desired antibiotics, compared with the PP population, at Day 8.
It has to be noted that reduction of antibiotic use in the Mucinex D group compared with the placebo was observed at Day 4 and Day 8 in the mITT and PP populations, but statistical significance was only achieved at Day 8 in the PP population (P ¼ 0.033).
These outcomes may potentially be attributed to the redirecting of HCPs on the appropriate prescribing of antibiotics, combined with the observed improvement in symptoms resulting from the ER guaifenesin/pseudoephedrine treatment. Suggestions for HCPs provided by the Centers for Disease Control and Prevention Get Smart About Antibiotics campaign relating to antibiotic use include recommending a specific symptomatic therapy, spending time answering patient questions, and offering a contingency plan if symptoms worsen. 5 This study provides evidence that using a wait-and-see approach, combined with the use of ER guaifenesin/ pseudoephedrine to improve symptoms, does seem to result in the desired reduction in both requests for, and use of, antibiotics in patients with acute symptoms of URTIs. Limitations of this study are that the treatment effect was not significant at the arbitrarily chosen primary efficacy end point, and that this outlier result compared with the other 13 symptom scoring occasions cannot be sufficiently explained. Other irregularities, such as the differences in efficacy observed between the active treatment and placebo, that missed statistical significance in the mITT population but were significant in the PP population, highlight that protocol violations (eg, placebo-assigned patients taking additional treatments), may have compromised the strength of this study. This study was also not designed to quantify the individual contribution of guaifenesin or pseudoephedrine to the observed symptom improvements. Although pseudoephedrine is an established decongestant, guaifenesin is a well-recognized expectorant and has been shown to be effective for chest congestion and improvement of cough as well as symptoms of rhinitis and nasal congestion. 11, 26, 27 Thus, it is assumed that both agents contributed to the relief of URTI symptoms and the related patient satisfaction. Lastly, it was logistically and methodologically challenging to implement the wait-and-see strategy in this study because it was difficult to recruit true antibiotic-seeking patients and have a better defined target population. Although the study outcomes point to the potentially beneficial effects of a wait-and-see strategy in reducing antibiotic overuse in URTI patients, a larger sample size and optimized patient recruitment strategies might have resulted in even more convincing results in terms of showing reduced antibiotic requests or desired prescriptions in these patients. Further method development efforts for conducting these kinds of studies are needed.
Conclusions
The results of this wait-and-see study provide additional insights, not only regarding the effectiveness and safety of an ER guaifenesin/pseudoephedrine combination product in reducing acute URTI symptoms, but also in the strategy of providing symptom relief to discourage unwarranted antibiotic use in this patient population. Addressing patient concerns and recommending symptom-relieving products for URTIs early on can meet patient expectations for rapid relief and diminish their desire for antibiotic prescriptions.
Further research in the assessment of symptomatic treatments for the management of acute URTI symptoms is needed. Data from this trial may inform the design and execution of future studies of URTI patient populations to identify better clinical methods and encourage more prudent use of antibiotics for viral URTIs. Tim shea: study design, data collection. Eric Guenin: data interpretation, literature search, writing.
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